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(54) Frequency measurement test circuit and semiconductor integrated circuit having the same 



(57) A frequency measurement test circuit includes 
a frequency divider, and a detection circuit. The fre- 
quency divider frequency-divides an input to be meas- 
ured. The detection circuit outputs a signal of level set 



on the basis of a relationship in magnitude between the 
frequency of the signal frequency-divided by the fre- 
quency divider and that of a reference clock signal. 
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Description 

Background of the Invention 

[0001] The present invention relates to a frequency 
measurement test circuit used to measure the fre- 
quency of a signal output from, e.g., a phase-locked 
loop incorporated in a large scale integrated circuit, and 
a semiconductor integrated circuit having the frequency 
measurement test circuit. 

[0002] Conventionally, to test a large scale inte- 
grated circuit (to be referred to as an LSI hereinafter) 
incorporating a phase-locked loop (to be referred to as 
a PLL hereinafter), generally, the frequency in the 
locked state of the PLL is measured using an analog 
tester and digital tester, and it is checked whether the 
frequency has a desired value. That is, testing need be 
performed twice with the analog tester and digital tester. 
However, the analog tester and digital tester are expen- 
sive, and the measurement time is long because meas- 
urement must be performed twice. An apparatus 
capable of testing frequencies using only a digital tester 
has been disclosed. 

[0003] Figs. 3A and 3B show conventional test cir- 
cuit. As shown in Figs. 3A and 3B, conventional digital 
testers (test circuits) 11a and 1 1b are arranged outside 
digital integrated circuits (to be referred to as ICs here- 
inafter) 12 each incorporating a PLL. The digital testers 
11a and 11b have external and internal frequency 
measurement devices 13a and 13b, respectively. The 
frequency measurement device 13a or 13b measures 
the frequency in the locked state of the PLL The digital 
tester 1 1 a or 1 1 b determines whether the measured fre- 
quency has a desired value. Since such conventional 
digital tester 1 1a or 1 1b requires the frequency meas- 
urement device 13a or 13b. the circuit becomes com- 
plex. Japanese Patent Laid-Open No. 9-197024 has 
proposed a simple and inexpensive test circuit that 
solves the problem. 

[0004] Fig. 4 shows the conventional test circuit dis- 
closed in Japanese Patent Laid-Open No. 9-197024. 
The conventional test circuit disclosed in this prior art 
has two counters 22a and 22b which receive a signal 
output from a PLL 21 . The two counters 22a and 22b 
are selected by a control signal CE whose duty ratio is 
50%. The test circuit also has a comparator 23 for com- 
paring the signal output from the counter 22a within a 
predetermined period with that output from the counter 
22b within a predetermined period. The test circuit fur- 
ther has a decoder 24 for outputting a signal in associa- 
tion with the output signals from the counters 22a and 
22b and comparator 23. 

[0005] This conventional test circuit requires no fre- 
quency measurement device, and the circuit is simple. 
Since testing can be performed using only one tester, 
the circuit is less expensive than conventional circuits. 
However, the conventional test circuit disclosed in the 
above prior art requires the two counters 22a and 22b to 



detect that the phase is locked in the PLL 21 . Hence, the 
measurement accuracy must be increased by prolong- 
ing the measurement time. However, to prolong the 
measurement time, the counters 22a and 22b must 

5 have a large circuit scale. In addition, since the duty 
ratio of the control signal CE for controlling the counters 
22a and 22b must be 50%, very high accuracy is 
required. To solve these problems, a circuit for detecting 
the phase-locked state is generally provided in the PLL. 

io [0006] Recently, a demand has arisen for measure- 
ment of not only the frequency of the PLL but also the 
oscillation frequency of a voltage-controlled oscillator 
(to be referred to as a VCO hereinafter) incorporated in 
the IC. The above-described circuit that receives the 

15 lock detection signal from the PLL can measure only the 
frequency in the phase-locked state of the PLL. 

Summary of the Invention 

20 [0007] The present invention has been made in 
consideration of the above problems, and has as its 
object to provide a frequency measurement test circuit 
capable of accurately measuring a frequency whose 
phase is not locked, and a semiconductor integrated cir- 

25 cult having the frequency measurement test circuit. 
[0008] In order to achieve the above object, accord- 
ing to the present invention, there is provided a fre- 
quency measurement test circuit comprising a 
frequency divider for frequency-dividing an input to be 

30 measured, and a detection circuit for outputting a signal 
of level set on the basis of a relationship in magnitude 
between the frequency of the signal frequency-divided 
by the frequency divider and that of a reference clock 
signal. 

35 

Brief Description of the Drawings 
[0009] 

40 Fig. 1 is a block diagram showing the arrangement 
of a frequency measurement test circuit according 
to an embodiment of the present invention; 
Figs. 2A, 2B, and 2C are timing charts showing 
operation of the frequency measurement test circuit 

45 according to the embodiment of the present inven- 
tion; 

Figs. 3A and 3B are block diagrams showing con- 
ventional test circuits; and 

Fig. 4 is a block diagram showing a conventional 
so test circuit disclosed in Japanese Patent Laid-Open 
No. 9-197024. 

Description of the Preferred Embodiment 

55 [001 0] A test circuit according to an embodiment of 
the present invention will be described below in detail 
with reference to the accompanying drawings. 
[001 1 ] Fig. 1 shows the arrangement of a frequency 
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measurement test circuit according to an embodiment 
of the present invention. The circuit of this embodiment 
has a frequency divider 1 for receiving the output signal 
from a phase-locked loop (PLL) or a voltage-controlled 
oscillator (VCO) that receives a constant voltage. The 
frequency divider 1 divides the frequency of the input 
signal to 1/m. That is, the frequency of the signal from 
the PLL or VCO is multiplied by 1/m by the frequency 
divider 1 . The circuit also has a frequency divider 2 that 
receives a reference clock signal. The frequency divider 
2 divides the frequency of the input signal to 1/n. That is, 
the frequency of the reference clock signal is multiplied 
by 1/n by the frequency divider 2, where n must always 
be an even value. 

[0012] The circuit further has a shift register 3 con- 
structed by n/2 flip-flops FF-1 to FF-n/2. The output ter- 
minal of the frequency divider 1 is connected to the 
clock signal input terminals of the flip-flops FF-1 to FF- 
n/2. In the shift register 3, every time the output signal 
from the frequency divider 1 changes from "0 n to "1", 
data in the shift register 3 shifts to the output side by one 
stage. An inverter 4 is connected to the output terminal 
of the frequency divider 2. The output terminal of the 
inverter 4 is connected to the data input terminal of the 
flip-flop FF-1 located at the first stage of the shift regis- 
ter 3 having n/2 stages. The test circuit also has an AND 
circuit 5 for AN Ding signals from all the output terminals 
of the 2/n flip-flops FF-1 to FF-n/2 of the shift register 3. 
[0013] The test circuit further has a flip-flop 6 hav- 
ing a data input terminal connected to the output termi- 
nal of the AND circuit 5. The output terminal of the 
frequency divider 2 is also connected to the clock input 
terminal of the flip-flop 6. The test circuit also has a flip- 
flop 7 having a clock input terminal connected to the 
output terminal of the flip-flop 6 and an inverter 8 having 
an input terminal connected to the output terminal of the 
flip-flop 6. The output terminal of the inverter 8 is con- 
nected to the clock input terminal of a flip-flop 9. The 
data input terminals of the flip-flops 7 and 9 are fixed at 
M r level. When the output signal from the flip-flop 6 
changes from "0 n to "1", the output signal from the flip- 
flop 7 changes from "1" to "0". When the output signal 
from the flip-flop 6 changes from "1" to "0", the output 
signal from the flip-flop 9 changes from "0" to n 1". For 
this reason, it can be detected that the output signal 
from the flip-flop 6 has changed from "0" to "1 " or from 
"1" to "0". A reset supply terminal to which a reset signal 
is supplied is connected to the reset input terminals of 
all the flip-flops. The frequency divider 2, shift register 3, 
inverters 4 and 8, AND circuit 5, and flip-flops 6, 7, and 
9 constitute a detection circuit 10 for outputting a signal 
of level set on the basis of the relationship in magnitude 
between the frequency of the signal frequency-divided 
by the frequency divider 1 and that of the reference 
clock signal. 

[001 4] The operation of this embodiment having the 
above-described arrangement will be described next. 
Before inspecting the frequency, "0" is input to the reset 



signal when a signal from the PLL or VCO and the ref- 
erence clock signal are being supplied, thereby reset- 
ting all the flip-flops. With this operation, all bits of the 
shift register 3 and all the output signals from the AND 

5 circuit 5 and flip-flops 6, 7, and 9 become H 0". 

[0015] Inspection is started by changing the reset 
signal from "0 W to T. When the output signal from the 
frequency divider 2 is "0", the input value to the first flip- 
flop FF-1 of the shift register 3 is "1". In this state, when 

10 the output signal from the frequency divider 1 changes 
from "0" to n r , the input value "1 n to the first flip-flop FF- 
1 of the shift register 3 is input to the second flip-flop FF- 
2. When the output signal from the frequency divider 1 
changes from "0" to "1 " again, the input value "1 " to the 

is first and second flip-flops FF-1 and FF-2 of the shift reg- 
ister 3 is input to the third flip-flop. In this way, every time 
the output from the frequency divider 1 changes from 
"0" to "1 M while the output from the frequency divider 2 is 
being "0", the input value "1 " is shifted to the next stage 

20 in the shift register 3. 

[0016] In this embodiment, all the output terminals 
of the bits of the shift register 3 are connected to the 
AND circuit 5. When all the output values from the flip- 
flops in the shift register 3 become "1" as the result of 

25 the above-descrfoed shift, the output from the AND cir- 
cuit 5 is "1". Otherwise, the output from the AND circuit 

5 remains "0". After this, when the output signal from the 
frequency divider 2 changes from "0" to "1", the flip-flop 

6 receives the output signal from the AND circuit 5 and 
30 outputs the signal to the flip-flops 7 and 9. At this time, 

when the output signal from the flip-flop 6 changes from 
"0" to T, the output signal from the flip-flop 7 changes 
to "1". When the output signal from the flip-flop 6 
changes from "1" to "0", the output signal from the f lip- 

35 flop 9 changes to "1 Let X (Hz) be the frequency of the 
signal output from the PLL or VCO, and Y (Hz) be the 
frequency of the reference clock signal. The outputs 
from the flip-flops 7 and 9 change depending on the 
relationship in magnitude between (X m) and Y. 

40 [0017] Figs. 2A, 2B, and 2C show the operation of 
the frequency measurement test circuit according to the 
embodiment of the present invention. Fig. 2A shows a 
case wherein (X + m) & Y holds. Fig. 2B shows a case 
wherein (X + m) < Y holds, and the difference is small. 

45 Fig. 2C shows a case wherein (X -i- m) < Y holds, and 
the difference is large. 

[0018] When (X m) * Y holds (case 1 ), the output 
signal from the frequency divider 1 changes from "0" to 
n 1 " n/2 times or more while the output signal from the 

so frequency divider 2 is being "0". For this reason, ail bits 
of the shift register 3 having n/2 stages are fixed at "1". 
As shown in Fig. 2A, the output signal from the AND cir- 
cuit 5 is "1". When the output signal from the frequency 
divider 2 changes from "0" to T. the output signal from 

55 the flip-flop 6 changes from "0" to "1\ Consequently, the 
output from the flip-flop 7 is fixed at "1", and the output 
signal from the flip-flop 9 is fixed at "0". 
[0019] Two situations are assumed when (X + m) < 
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Y holds. As one situation, the difference between (X -s- 
m) and Y is small, and the output signal from the fre- 
quency divider 1 changes from w 0" to "1" n/2 times or a 
number of times less than n/2 while the output signal 
from the frequency divider 2 is being "0". As the other 5 
situation, the difference between (X + m) and Y is large, 
and the output signal from the frequency divider 1 
always changes from "(T to "1" a number of times less 
than n/2 while the output signal from the frequency 
divider 2 is being "0". 10 
[0020] Assume that the difference between (X + m) 
and Y is small, and the output signal from the frequency 
divider 1 changes from "0" to "1" n/2 times or a number 
of times less than n/2 while the output signal from the 
frequency divider 2 is being "0" (case 2). In this case, as is 
shown in Fig. 2B, when the output signal from the fre- 
quency divider 1 changes from "O" to "1" n/2 times, the 
same operation as that when (X + m) ^ Y holds is per- 
formed. For this reason, when the output signal from the 
frequency divider 2 changes from n 0" to "1 the output 20 
signal from the flip-flop 6 is "1 

[0021] When the output signal from the frequency 
divider 1 changes from "0" to "1 " a number of times less 
than n/2, the output signal from the frequency divider 2 
changes from n 0" to *"T before all bits of the shift register 25 
3 change to "1". For this reason, when the output signal 
from the frequency divider 2 changes from "0" to "1 the 
output signal from the flip-flop 6 is "0". 
[0022] Fig. 2B shows an operation when the output 
from the frequency divider 1 changes n/2 times in the 30 
first and third changes in the output signal from the fre- 
quency divider 2 from "0" to "1 ", and the output from the 
frequency divider 2 changes a number of times less 
than n/2 in the second change. In the operation shown 
in Fig. 2B, when the output signal from the frequency 35 
divider 2 changes from "O" to "1" for the first time, the 
output signal from the flip-flop 7 is "1 and the output 
signal from the flip-flop 9 is "0". After this, when the out- 
put signal from the frequency divider 2 changes from "0" 
to " 1 " for the second time, the output signal from the flip- 40 
flop 6 changes from "1 n to "0. For this reason, the output 
signal from the flip-flop 9 changes from "0" to "1". How- 
ever, the output signal from the flip-flop 7 remains "1". 
[0023] When the output signal from the frequency 
divider 2 changes from "0" to "1" for the third time, the 45 
output signal from the flip-flop 6 changes from "0" to "1 ". 
However, the output signals from the flip-flops 7 and 9 
are already H 1 " and remain w 1 M . Finally, the output signal 
from the flip-flop 7 is fixed at "1", and the output signal 
from the flip-flop 9 is also fixed at "1 ". 50 
[0024] Assume that the difference between (X m) 
and Y is large, and the output signal from the frequency 
divider 1 always changes from "0" to "V a number of 
times less than n/2 while the output signal from the fre- 
quency divider 2 is being "0" (case 3). In this case, sev- 55 
eral bits of the shift register 3 are always "0". For this 
reason, the output signal from the frequency divider 2 
changes from "0" to "1 " before all bits of the shift register 



3 change to "V, as shown in Fig. 2C. As a conse- 
quence, even when the output signal from the frequency 
divider 2 changes from "0" to "1", the output signal from 
the flip-flop 6 remains "0". Hence, the output signals 
from the flip-flops 7 and 9 also remain "0 n . For this rea- 
son, the output signals from the flip-flops 7 and 9 are 
fixed at "0". 

[0025] According to the this embodiment, the finally 
fixed values of the output signals from the flip-flops 7 
and 9 change depending on the relationship in magni- 
tude between (X + m) and Y. More specifically, in case 
1 , the output signal from the flip-flop 7 is fixed at "1 and 
the output signal from the flip-flop 9 is fixed at "0". In 
case 2, both the output signals from the flip-flops 7 and 
9 are fixed at "1 ". In case 3, both the output signals from 
the flip-flops 7 and 9 are fixed at "0". 
[0026] When the output signal from the flip-flop 7 is 
fixed at "1", and the output signal from the flip-flop 9 is 
fixed at "0", the frequency of the output signal from the 
PLL or VCO has a value equal to or larger than that 
obtained by multiplying the frequency of the reference 
clock signal by m. When both the output signals from 
the flip-flops 7 and 9 are fixed at "1", the frequency of 
the output signal from the PLL or VCO has a value 
smaller than that obtained by multiplying the frequency 
of the reference clock signal by m. and the difference 
between the frequencies is small. When both the output 
signals from the flip-flops 7 and 9 are fixed at "0", the 
frequency of the output signal from the PLL or VCO has 
a value smaller than that obtained by multiplying the fre- 
quency of the reference clock signal by m, and the dif- 
ference between the frequencies is large. 
[0027] A method of measuring a frequency with a 
tester using an LSI incorporating the test circuit of this 
embodiment will be described next. Normally, a tester 
uses a test pattern, and an input waveform and output 
expectation value are described in the test pattern. In 
this embodiment, the reference dock used in the test 
circuit is input from the tester to the LSI, and the test 
result by the test circuit is received from the LSI to the 
tester and compared with the expectation value pre- 
pared in the test pattern, thereby obtaining the relation- 
ship between the reference clock and the oscillation 
frequency of the PLL or VCO. 

[0028] In the case to be described below, a value 
output from the LSI when the value obtained by dividing 
the oscillation frequency of the PLL or VCO by m is 
equal to or larger than the reference dock is described 
as the expectation value. That is, the state wherein the 
output signal from the flip-flop 7 is finally fixed at "1", 
and the output signal from the flip-flop 9 is "0" is 
described as the expectation value. 
[0029] First, the frequency of the reference clock 
signal is set at Z t (Hz), and testing is performed. If the 
output value does not coincide with the expectation 
value, the value obtained by multiplying the oscillation 
frequency of the PLL or VCO by m is smaller than the 
value of the operating frequency of the reference clock 



4 



7 



EP 1 024 367 A2 



8 



signal. When the output value coincides with the expec- 
tation value, the value obtained by multiplying the oscil- 
lation frequency of the PLL or VCO by m is equal to or 
larger than the value of the operating frequency of the 
reference dock signal. 5 
[0030] Next, the frequency of the reference dock 
signal is set at Z 2 (Hz), and the same testing as 
described above is performed. When the output value 
for the frequency set at Z A (Hz) coincides with the 
expectation value, testing is performed assuming that w 
Z 2 > . When the output value for the frequency set at 
Z 1 (Hz) does not coincide with the expectation value, 
testing is performed assuming that Z 2 < Z 1a Under this 
condition, the relationship between the reference dock 
signal and the oscillation frequency of the PLL or VCO is 
is obtained. 

[0031] When the operating frequency of the refer- 
ence clock signal is repeatedly changed in the above- 
described manner, the maximum frequency of the refer- 
ence dock signal for which the output value coincides 20 
with the expectation value can be obtained. Letting Z x 
(Hz) be the frequency of the reference dock, the oscilla- 
tion frequency of the PLL or VCO is given by (Z x x m) 
(Hz), and the osdllation frequency of the PLL or VCO 
can be reliably obtained. When it is to be checked using 25 
the tester whether the osdllation frequency of the PLL 
or VCO is higher (or lower) than a given frequency, the 
range matching with the expectation value need not be 
obtained, and only testing is performed once. 
[0032] According to this embodiment, since meas- 30 
uremerrt can be performed independently of the phase- 
locked state of the PLL, the test circuit can be used to 
test a single VCO. In addition, since no counter is 
required, the drcuit scale is small. Furthermore, the fre- 
quency can be measured at a high accuracy. Since the 35 
frequency division value of the frequency divider can be 
changed, the test circuit can be easily adapted to vari- 
ous types of digital testers. 

[0033] As has been described above, according to 
the present invention, a detection circuit for outputting 40 
different signals in association with the difference 
between the frequency of the signal frequency-divided 
by the frequency divider and that of the reference dock 
signal is prepared. Since the relationship in magnitude 
between the frequency and the reference clock signal 45 
can be obtained independently of the phase-locked 
state of the input signal to be measured, the test circuit 
can be used to test a vdtage-controlled osdllator. Since 
no counter is required, the circuit scale can be made 
small, and the frequency can be accurately measured, so 
Additionally, since the frequency division value of the 
frequency divider can be changed, the test circuit can 
be easily adapted to various types of digital testers. In 
the present invention, since the test drcuit is incorpo- 
rated, the oscillation frequency of a phase-locked loop ss 
or voltage-controlled oscillator can be measured. 



Claims 

1 . A frequency measurement test circuit characterized 
by comprising: 

a frequency divider (1) for frequency-dividing 
an input to be measured; and 
a detection circuit (10) for outputting a signal of 
level set on the basis of a relationship in magni- 
tude between the frequency of the signal fre- 
quency-divided by said frequency divider (1) 
and that of a reference clock signal. 

2. A circuit according to claim 1 , wherein 

said detection circuit (10) comprises a second 
frequency divider (2) for dividing the frequency 
of the reference clock signal to 1/n (n is a posi- 
tive even number), an inverter (4) for inverting a 
signal output from said second frequency 
divider (2), a shift register (3) constructed by 
(n/2) series-connected flip-flops (FF-1 - FF-n/2) 
induding a flip-flop (FF-1) at a first stage hav- 
ing a data input terminal connected to an out- 
put terminal of said inverter (4). and an AND 
circuit (5) for ANDing output signals from said 
flip-flops (FF-1 - FF-n/2). 

3. A circuit according to claim 2, wherein 

said detection circuit (10) comprises a second 
flip-flop (6) having a data input terminal to 
which an output signal from said AND circuit (5) 
is input, and a clock input terminal to which a 
signal divided to 1/n by said second frequency 
divider (2) is input. 

4. A circuit according to claim 3, wherein 

said detection circuit (10) comprises a third flip- 
flop circuit (7) having a clock input terminal to 
which an output signal from said second flip- 
flop (6) is input, and a data input terminal fixed 
at high level, a second inverter (8) for inverting 
the output signal from said second flip-flop (6), 
and a fourth flip-flop circuit (9) having a clock 
input terminal to which a signal output from 
said second inverter (8) is input, and a data 
input terminal fixed at high level. 

5. A semiconductor integrated circuit characterized by 
comprising: 

a frequency measurement test drcuit having a 
frequency divider (1) for frequency-dividing an 
input to be measured, and a detection drcuit 
(10) for outputting a signal of level set on the 
basis of a relationship in magnitude between 
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the frequency of the signal frequency-divided 
by said frequency divider (1) and that of a refer- 
ence dock signal; and 

a circuit (PLL f VCO) for outputting the signal to 
be measured. s 

6. A circuit according to claim 5, wherein 

said detection circuit (10) comprises a second 
frequency divider (2) for dividing the frequency 
of the reference clock signal to 1/n (n is a posi- 
tive even number), an inverter (4) for inverting a 
signal output from said second frequency 
divider (2), a shift register (3) constructed by 
(n/2) series-connected flip-flops (FF-1 - FF-n/2) 
including a flip-flop (FF-1) at a first stage hav- 
ing a data input terminal connected to an out- 
put terminal of said inverter (4), and an AND 
circuit (5) for ANDing output signals from said 
flip-flops (FF-1 - FF-n/2). 

7. A circuit according to claim 6, wherein 

said detection circuit (10) comprises a second 
flip-flop (6) having a data input terminal to 25 
which an output signal from said AND circuit (5) 
is input, and a clock input terminal to which a 
signal divided to 1/n by said second frequency 
divider (2) is input. 

30 

8. A circuit according to claim 7, wherein 

said detection circuit (1 0) comprises a third flip- 
flop circuit (7) having a clock input terminal to 
which an output signal from said second flip- 35 
flop (6) is input, and a data input terminal fixed 
at high level, a second inverter (8) for inverting 
the output signal from said second flip-flop (6), 
and a fourth flip-flop circuit (9) having a clock 
input terminal to which a signal output from 40 
said second inverter (8) is input, and a data 
input terminal fixed at high level. 

9. A circuit according to one of claims 5 to 8, wherein 

45 

said circuit or outputting the signal to be 
measured comprises a phase-locked loop 
(PLL). 

10. A circuit according to one of claims 5 to 8, wherein so 

said circuit for outputting the signal to be meas- 
ured comprises a voltage-controlled oscillator 
(VCO). 
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